Abstract.
160
OA factor was derived from the sum of organic signals in the corresponding mass spectrum after applying the RIE 161 (=1.4) for organics and the time-dependent CE determined based on aerosol composition (see previous discussion).
162
The solutions for 3 to 8 factors were explored with varying rotational parameters (-0.5 ≤ FPEAK ≤ 0.5, in 163 increments of 0.1). After a detailed evaluation of mass spectral profiles, temporal trends, diurnal variations, and 164 correlations with external tracers, the five-factor solution with FPEAK = 0 was chosen. The diagnostic information 165 for five-factor solution is shown in Fig. S2 . In comparison, the four-factor solution resulted in large residual signals,
166
indicating that an additional factor was needed to explain the variation in the data, whereas the six-factor solution 167
showed indications of factor splitting, suggesting that too many factors were introduced (Fig. S3) . PMF was also 168 performed on the organic spectra only but wasn't able to resolve two types of OOA (OA (see more detailed 169 discussions in Section 1 of the Supplement).
170
The concentrations of OA factors at different TD temperatures were determined via multivariate linear regression speed of ~ 13 m s -1 from the southwest direction, where the major complex fires were located (Fig. 1a) .
203
The average NR-PM 1 concentration during the entire sampling period was 15.1 µg m -3 and 93% of it was 204 contributed by organics (Fig. 1c) (Fig. 2d -2e ). In fact, the time series of all these parameters correlated tightly, with 216
Pearson's r 2 in the range of 0.66 -0.94 (Fig. S5 ). These observations highlight the frequent and significant impacts 217 of wildfire emissions on air quality and atmospheric chemistry in the Pacific Northwest region during this study.
218
Note that potassium (K) is frequently used as a tracer for BB aerosol and the presence of K in aerosol particles was 219 clearly observed during high loading periods. However, K concentration in aerosol was overall very low and noisy 220 throughout this study ( Table S1 ). Similarly, the average mixing ratios of CO, a gaseous pollutant released from 232 combustion, increased from 87.8 ± 17.9 ppbv during "No BB" to 121.4 ± 24.8 ppbv during "BB Infl" and 178.3 ± 233 68.8 ppbv during "BB Plm" periods. 
267
Significant enhancements due to wildfires emissions were also observed for PAN and NO y (Fig. 3) . However, the 268 mixing ratios of NO x (mostly as NO 2 ) were comparable among the three regimes. As a result, the fractional 269 contributions of PAN and particulate nitrate to total NO y both increased due to wildfire influence (Fig. S10 ).
270
Considering that MBO was hours downwind of wildfire sources during this study, this observation is consistent with Table S2 ) and displayed sporadic, high amplitude events with large enhancements in concentrations during 10 wildfire-influenced periods (Fig. 5a-c) . In addition, the polar plots of all the BBOAs showed clear concentration 321 hotspots in the southwest direction at high wind speed (Fig. 6a-c) , indicative of their associations with wildfire 322 plumes originating from SW Oregon and NW California (Fig. 1) . Nevertheless, the three BBOAs are distinctly 323 different in terms of mass spectral profiles (Fig. 5k-m and Fig. S11 ), oxidation degrees, and volatility (Fig. 6g) (Fig, 4) . (Fig. S12) . Therefore, it appears that fast processing 346 near the fire sources led to the rapid conversion of NO x to more oxidized compounds such as PAN and nitrate.
347
Based on these results, we infer that BBOA-1 represents fresher BB emissions and might be a surrogate for primary 348 BBOA. On average, BBOA-1 comprised 20% of total OA mass during this study (Fig. 6f) , suggesting that fresh BB 349 emissions exerted a significant impact on regional air masses.
350
The more oxygenated BBOA-2 (O/C = 0.60; H/C = 1.72) accounted for an average 17% of the total OA mass 351 (Fig. 6f) . Its mass spectrum displayed characteristics of aged BBOA with lower abundances of C 2 H 4 O 2 + (f 60 = 352 1.1%), C x H y + ions (31%), and ions > 100 amu (f m/z>100 = 17%) compared to BBOA-1 (Figs. 4l, 4l ' and S9b).
353
BBOA-2 also showed a somewhat less volatile profile compared to BBOA-1, especially at TD temperature < 150 o C
354
( Fig. 6g) . In addition, the temporal trend of BBOA-2 displayed tight correlations with tracers for carboxylic acids, Fig. 5m ), all of which highly resemble those of LV-OOA (Fig. 5o) . However, the mass 365 spectra at large m/z's indicated distinct chemical differences between BBOA-3 and LV-OOA (Fig. 5m' and 5o' ), as 366 there appeared to be a higher abundance of high molecular weight species in BBOA-3. In addition, the temporal 367 variation patterns of BBOA-3 and LV-OOA were dramatically different (r 2 = 0.07) and BBOA-3 closely correlated 368 with CO (r 2 = 0.86; Fig. 5c and Table S2 ) whereas LV-OOA did not (r 2 = 0.008). As shown in 
375
Another important characteristic of BBOA-3 is that it appeared to be composed of some very low-volatility 
384
BL-OOA and LV-OOA accounted for the remaining 32% of total OA mass during this study. These two OOAs
385
were not associated with BB, as indicated by low f 60 ( Fig. 5n and 5o ) and a lack of correlation with BB tracers 386 (Table S2 ). BL-OOA was relatively oxidized (O/C = 0.69; Fig. 5n ) and appeared significantly less volatile than 387 nitrate but more volatile than sulfate (Fig. 6g) . BL-OOA showed a distinct diurnal cycle highly resembling that of 388 water vapor (Fig. 5i) , which is a tracer for BL upslope flow during the daytime at MBO (Weiss-Penzias et al., 2006).
389
Photochemical production of OA in the early afternoon may also contribute to the daytime increase of BL-OOA.
390
Furthermore, the time series of BL-OOA correlated with CH 3 SO 2 + ( Fig. 5d and Table S2) 
400
Based on MODIS fire hotspot information, the Salmon River Complex fire (SRCF) was continuously burning 401 from August 13 to August 17 (Fig. 7a) . Three-day HYSPLIT back trajectories suggest that air masses arriving at 402 MBO from August 14 22:00 to August 16 09:00 passed over the SRCF (Fig. 7a) , consistent with the observations of 403 persistent SW wind at MBO during this period (Fig. 7c) . MODIS also detected a few hotspots from the Whiskey
404
Complex Fire (~ 43˚N, 122.8˚W) intermittently on August 15 but the fire was much weaker compared to SRCF as 405 indicated by the lower fire radiative power (FRP, Fig. 7a ). We therefore assume that the emissions arriving at MBO 406 during this time period were from a single source and therefore consistent in transport distance and fuel type.
407
Combining MODIS fire hotspots and back-trajectories, we estimated that the transport time of SRCF plumes ranged 408 from 8 to 11 hours before being sampled at MBO.
409
In order to examine how atmospheric aging affects BBOA chemistry, we calculated cumulative solar radiation daytime plumes and didn't correlate with ∑SR (Fig. S13 ). These conditions, together with the high emissions 419 concentrations for both gas and particle phase components (Fig. 7d -f) , provide a near ideal case study where 420 atmospheric aging is likely the largest factor affecting the chemical evolution of BBOA.
421
During this SRCF case study period, CO, NO y , and PAN mixing ratios observed at MBO exhibited similar trends 422 that varied dynamically and correlated well with the fresh BBOA-1 factor (Fig. 7d -f ). In addition, OA was 423 overwhelming dominated by BBOAs, which summed to contribute 80% -99% of total OA mass (Fig. 7g) . The (Fig. 9c and 9d ) and was dominated by the fresh BBOA-1 (53%), followed by 450 the most oxidized BBOA-3 (24%), and intermediately oxidized BBOA-2 (15%; Fig. 9b ). By contrast, daytime 451 plumes were characterized by a significant decrease in the mass fraction of BBOA-1 (37%) coupled with increases 452 in the BBOA-2 (20%) and BBOA-3 (37%). This is corroborated by the significant differences in chemical 453 composition for the two types of plumes, where the average HRMS ( Fig. 9c and 9d ) indicated that the BBOA in 454 day-time plumes had a higher degree of oxidation (average O/C = 0.66) compared to the night plumes (O/C = 0.55).
455
These observations together suggest that although net OA production was conserved with higher photochemical 456 aging, BBOA was chemically transformed, likely due to oxidative processing in both gas and particles phases 457 followed by fragmentation and volatilization. 
465
In contrast, the average NR-PM 1 concentration was only 3.7 μg m -3 over periods free of BB influence and the aerosol concentrations, wildfires in the Pacific Northwest region also significantly increased the mixing ratios of CO,
468
NO y , and PAN, although NO x and O 3 displayed more complex behavior.
469
PMF analysis identified three types of BBOA that together accounted for 68% of the OA mass during this study, by POA loss, likely due to oxidation followed by fragmentation and volatilization.
491
Over the entire period of this study, the aged BBOA-2 and BBOA-3, most of which were likely secondary, on 
